developing to blastocysts at day 7, respectively). In vitro produced embryos and nuclear transfer embryos derived from day 4 vitrified or day 5 fresh donors were transferred to recipients at morula or blastocyst stage at day 6 or 7. The pregnancy rates were similar in both groups of nuclear transfer embryos, but higher in the control group consisting of in vitro produced embryos (47, 42 and 67%, respectively). In conclusion, if vitrified donor embryos are allowed to recover for 24 h after warming, their use in nuclear transfer results in similar efficiencies to those achieved with fresh embryos.
Introduction
Fundamental biological questions of development and differentiation can be resolved by nuclear transfer, where the nucleus of an oocyte or zygote is replaced with the nucleus of a developmentally more advanced cell. This method has also been used to produce offspring in livestock species (Willadsen, 1986; Prather et ah, 1987) . In the majority of bovine nuclear transfer experiments, the donor embryos are used fresh without cryopreservation. Early studies in bovine embryo cloning used mainly in vivo-derived embryos, flushed from superovulated and inseminated donor animals on the day of nuclear transfer (Willadsen et ah, 1991) . Improved in vitro techniques have since facilitated the production of donor embryos for nuclear transfer purposes (Zakhartchenko et ah, 1996) . However, there is a need for a long-term storage of in vivo and in vitro produced embryos. The successful production of large numbers of identical offspring from a single embryo relies on recycling nuclear transfer embryos as donor cells for subsequent rounds of nuclear transfer. However, this approach is limited by several factors. The inability to control the progression of the recycling process once it has commenced and the lack of abattoir-derived oocytes on weekends limits the number of recycling rounds that can be performed. In addition, full use of a large number of clones derived from one original donor embryo becomes increasingly difficult as the number of recycling rounds increases. The ability to cryopreserve nuclear transfer donor embryos successfully would remove these limitations in recycling and enable the recycling to be fully controlled, thus improving the overall efficiency of cloning techniques.
Few studies have compared the developmental capacity of nuclear transfer embryos derived from cryopreserved or non-cryopreserved embryos. Westhusin et ah (1991) and Yang et ah (1993) compared fresh and frozen-thawed in vivoderived bovine embryos as donors in nuclear transfer, and observed no differences in fusion or embryonic development rates. However, Heyman et ah (1994) observed a significant reduction in embryonic development after using vitrified-warmed in cróo-derived bovine embryos as compared with non-vitrified controls. Likewise, Ushijima et ah (1996) 
Results

Experiment 1
A total of 14 fresh and 11 vitrified day 5 donor embryos were used for nuclear transfer in five replicate experiments. Mean cell numbers obtained from the embryos after disaggregation were 27.6 ± 2.5 from fresh and 34.0 ± 3.3 from vitrified (mean ± sem). Fusion and cleavage rates did not differ significantly from each other between the two groups. Although there were no differences in the development rates to morulae and blastocysts at day 7 (24.3 and 16.7% for fresh and vitrified donors, respectively) ( Fig. 1) 
Experiment 4
In vitro development rates of nuclear transfer embryos derived from day 4-vitrified and day 5 fresh donor embryos are shown (Fig. 3) . As in Expts 1 and 2, there were no differences in blastomere numbers obtained after the disaggregation of embryos vitrified at day 4 and cultured overnight when compared with day 5 fresh embryos (35.8 ± 3.0 and 27.1 ± 3.0, respectively). No statistically significant differences were observed in fusion or cleavage rates or in development rates to morulae and blastocysts (34.3 and 36.3% for vitrified and fresh donors, respectively) or to blastocysts (20.2 and 18.1% for vitrified and fresh donors, respectively) at day 6. The development rates were only recorded up to day 6 as, in two out of three replicates, the embryos were transferred into recipients at day 6. The pregnancy rates achieved are shown (Table 2) (Hanrahan 1983) , as was the case in the present study. In view of the present results, the number of embryos transferred to recipients may need to be reduced to improve the chances of the development of early fetuses to live offspring.
